In this research work, sawdust was used as a reducing agent for sulphuric acid leaching of manganese ore from Prang Ghar, Lower Mohmand Agency, Pakistan. X-ray diffraction of the powdered sample indicated the presence of Hausmannite (Mn 3 O 4 ), Calcium Aluminum Silicate Hydrate, Silica (SiO 2 ) and Hematite (Fe 2 O 3 ). X-ray diffraction and the energy dispersive spectroscopic analysis show that the manganese ore sample was siliceous in nature. In the present study, six process parameters were investigated i.e. the particle size of the ore, leaching temperature, time duration, Mn ore amount, sulphuric acid concentration and amount of sawdust. Manganese extraction of 88.93 (wt%) was achieved for a leaching time of 60 minutes at 120˚C using 5% (v/v) H 2 SO 4 concentration for 10 g Mn ore and 5 g sawdust. The results demonstrate that sawdust is a low cost, renewable and non-hazardous reducing agent in comparison to other available reagents.
Using glucose as reducing agent in dilute nitric acid medium at 90˚C for 32 h, 99% manganese has been extracted. It is concluded that high grade manganese can be obtained using nitric acid instead of sulphuric acid [4] . Kelong et al., reported that using sawdust and rice husk as reductant in sulphuric acid medium, 95% manganese can be leached out. The influencing factors included pyrolusite and plant powder charge, sulphuric acid volume, temperature and duration of leaching [5] . Hariprasad et al., reported that ~98% manganese can be extracted after leaching for 8 h using sawdust as reducing agent in sulphuric acid medium.
Optimum leaching was reported for 5% H 2 SO 4 (v/v) and 5% sawdust (w/w) at 90˚C [6] .
Using cane molasses as reducing agent in nitric acid medium raises manganese content from 37.5% to ~98% at optimum conditions of 2.7 M HNO 3 , cane molasses 20% by weight, grain size 74 μm, solid/liquid ratio 1:12 for 2 h at 95˚C [7] . Some biomass wastes such as sawdust, cane molasses, corncob, cornstalks, rice husk, wheat stalks, bagasse, bamboo, and shredded paper are environmentfriendly and low-cost reducing agents for roasting reduction and leaching of manganese dioxide ore [8] [9] .
In the present work, sawdust was used as a reducing agent in dilute sulfuric acid medium to extract manganese from ferromanganese ores. The use of sawdust for reduction of manganese dioxide is a simple, low cost and economical method in comparison to the other reductants.
Materials and Methods
Representative sample of manganese ore was collected from Prang Ghar The leaching experiments were performed in a 500 mL glass beaker kept on a ceramic hot plate and magnetic stirring system in a fume hood. Initially 100 mL solution 5% (v/v) H 2 SO 4 (5 mL H 2 SO 4 and 95 mL distal water) was mixed thoroughly with weighed amount of sawdust (3, 4 and 5 g) to release glucose into the acid. After 15 min, the weighed amount of ore powder was transferred to the pulp. The leaching experiments were carried out for different sets of parameters i.e. particle size of Mn ore, leaching temperature, leaching time, Mn ore amount, sulphuric acid concentration and amount of sawdust.
Room temperature X-rays diffraction (XRD) data were recorded using a JEOL JDX-3532 X-ray diffractometer, operating at 40 kV and 30 mA, with Cu Kα rad- X-ray electron spectroscopy (EDS) data were collected using an INCA200 EDS detector (Oxford instruments, UK), connected with a JEOL-JSM5910 SEM. A PMG-3 microscope coupled with a DP-12 CCD camera, Olympus (Japan) was used for recording optical images in the present study at CRL. Figure 1 shows the reflected light micrograph of as-mined manganese ore sample. Three types of micro-regions were observed to have different contrast, microstructure and texture.
Results and Discussion

Characterization of As-Mined Samples
The long and straight dark thick strip marked as "A" crossing two different types of regions (appearing light greenish dark region with granular morphology and the plane white region) may be due to the combination of oxides of manganese and iron that impart iron black color [2] . The white to bluish grey colored micro-regions marked as B and C may be the maghemite (iron rich) phase as it gives rise to a similar color/contrast under reflected light [3] . The boundaries of the micro-regions B and C were sharp and could be distinguished from one another. 
or pseudo-hexagonal grains labeled as B and dark grey silica rich plane microregion labeled as D. The elemental compositions of these micro-regions are given in Table 1 . 
Characterization of Leached Manages Ore Samples
Effect of Mesh Size
Influence of particle size of ore on efficiency of leaching was studied at 100, 200
and 300 mesh sizes while keeping the other parameters constant i.e. 5 g sawdust, 10 g Mn ore, 5% (v/v) H 2 SO 4 , 90˚C and 60 minutes leaching time. Figure 4 shows an increase in Mn content and decrease of silica and iron when the particle size (particle diameter) of the ore was decreased. EDS results revealed beneficiation of Mn from 24.05 wt% to 73.28 wt% at particle size of 300 mesh. Table 3 shows variation in elemental composition of Mn, Si and Fe at 100, 
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Effect of Sawdust Amount
Sulfuric acid cannot be used directly for leaching of manganese ores. However; reducing substances like sawdust can be used in acidic solution for high efficiency of manganese leaching. Since XRD analysis confirmed the presence of hematite phase in manganese ore sample. However; crystalline nature of hematite requires a highly acidic medium due to its consumption of H + ions. Increasing the amount of sawdust at a certain temperature and acid concentration causes an increase in the leaching efficiency of Mn due to excess availability of H + ion concentration [13] . Table 4 gives variation in elemental composition of Mn, Si and Fe for 3, 4 and 5 g sawdust. Figure 5 shows an increase in Mn content accompanied by decrease Figure 5 . Efficiency of manganese ore leaching at varying amount of sawdust.
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in both the Si and Fe concentrations by increasing the sawdust amount.
Effect of Temperature on Manganese Ore Leaching
The influence of leaching temperature on leaching efficiency at 60˚C, 90˚C and 120˚C was investigated while keeping the other parameters constant i.e. Table 5 shows the observed variation in the elemental composition of Mn, Si and Fe for manganese ore treated at 60˚C, 90˚C and 120˚C. Figure 6 shows variation in the elemental composition with temperature. The graph indicated that manganese concentration was lower at low temperature and increased with an increase in the leaching temperature; similarly the concentration of silicon and iron decreased with increasing temperature.
Influence of Time on Leaching of Manganese Ore
Three sets of experiments were performed in order to study the influence of time on leaching efficiency of manganese ore. The ore sample was treated for 1 h, 2 h Figure 6 . Effect of temperature on elemental concentration of the samples. Table 6 gives the quantitative variation in the elemental concentration of Mn, Si and Fe. Figure 7 shows the graph for variation in elemental concentration of the leached samples with change in leaching time. It was observed that by increasing time duration from 1 -3 h the recovery increased from 66 to 83 wt%, consistent with the previous study.
Effect of Manganese Ore Amount
Leaching experiments were also performed for 
Effect of H2SO4 Concentration
The influence of the amount of acid used on the leaching efficiency was also investigated. 5 mL, 10 mL and 15 mL H 2 SO 4 was used for 5 g sawdust, at 90˚C leaching temperature, with a leaching time of 60 min and 200 mesh size 10 g Mn ore sample. Table 8 gives elemental concentration and oxide compositions of Mn, Si and
Fe measured by EDS for manganese ore treated with 5 mL, 10 mL and 15 mL H 2 SO 4 . Figure 9 shows the observed variation in elemental composition with acid concentration. EDS analysis showed that the leaching efficiency increased with an increase in the amount of acid used because the sawdust released glucose more rapidly than at relatively less acid.
Conclusions
In this study, manganese ore from Prang Ghar, Lower Mohmand agency, Pakistan was characterized using XRD, SEM, EDX and optical microscopy. Prang
Ghar manganese ore is a low grade ferruginous manganese ore. The major non- ore amount may be due to insufficient amount of acid or the reducing sugar generated from the sawdust. In all the experiments, the decrease in Si and Fe has been observed with increase in all the six parameters. Considering the observed productivity of the utilized sawdust, the process is beneficial from both the economic and environmental perspective.
